Altered inotropic responsiveness and gene expression of hypertrophied myocardium with captopril.
Inotropic responsiveness to beta-adrenergic stimulation is generally found to be impaired in left ventricular (LV) hypertrophy and failure. To investigate the mechanisms by which angiotensin-converting enzyme inhibitor therapy may modulate inotropic responsiveness with long-term pressure overload, we studied the effects of captopril treatment on cardiac gene expression, LV muscle mechanical contraction, and intracellular calcium (Ca(2+)) transients from spontaneously hypertensive rats (SHR). LV papillary muscles from untreated SHR, age-matched normotensive Wistar-Kyoto rats (WKY), and SHR treated with captopril (CAP(Rx) started at 12, 18, and 21 months of age) were studied. All animals were studied at 24 months of age or when heart failure developed. In untreated SHR, alpha-myosin heavy chain (MHC) gene expression and protein were decreased, the Ca(2+) transient (with the bioluminescent indicator aequorin) was prolonged, and abundance of Na(+)/Ca(2+) exchanger mRNA levels increased in comparison to WKY. Active stress development at L(max) and the maximum rate of stress development were depressed and contractile duration prolonged in SHR relative to WKY. Isoproterenol administration further decreased active stress in untreated SHR despite an increase in intracellular Ca(2+) levels. In CAP(Rx) SHR, alpha-MHC gene expression and protein levels were increased, the Ca(2+) transient was not prolonged, Na(+)/Ca(2+) exchanger expression was downregulated, and papillary muscle function demonstrated increased active stress and maximum rate of stress development in response to isoproterenol. The increased abundance of alpha-MHC mRNA in conjunction with an increase in V(1) myosin isozyme suggests that captopril affects transcriptional regulation of cardiac gene expression. Restored LV inotropic responsiveness to beta-adrenergic stimulation in CAP(Rx) SHR appears to be coupled to normalization of Na(+)/Ca(2+) exchanger mRNA expression, upregulation of V(1) myosin isozyme levels, and increased speed of contraction.